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Abstract  The 3 fatty-acid desaturases: FAD7 and FAD8 (plastid) and FAD3 
(reticular) are responsible for trienoic fatty-acid (TA) production in plants. The 
expression of these enzymes seemed to be regulated differently in response to light. 
Darkness leads to a decrease in total TA level. Under such conditions, FAD3 and FAD8 
transcript levels were undetectable but increased after re-illumination concomitant with 
TA levels, indicating a transcriptional control. On the contrary, FAD7 transcript levels 
were similar to illuminated control cells, suggesting the presence of a post-
transcriptional control mechanism. Furthermore, FAD7 mRNA stability increased 
dramatically in darkness. Analysis of FAD7 protein accumulation using specific 
antibodies revealed that FAD7 was very stable whatever the light or darkness 
conditions. These results indicate that FAD7 enzyme availability is not limiting for 18:3 
production in darkness. Our data point to an additional post-translational regulatory 
mechanism that controls the activity of FAD7 in response to light.  
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Introduction 
Trienoic (TAs) and dienoic (DAs) fatty acids represent as much as 70% of total 
fatty acids from leaf or root lipids [1]. They influence the function of biological 
membranes by maintaining their appropriate fluidity. TAs are synthesized from DAs by 
the activity of 3 desaturases in two different cell compartments; FAD3 is specific of 
the endoplasmic reticulum while FAD7 and its cold-inducible isozyme FAD8, are 
plastid specific [2, 3]. Despite their important role, the factors that determine the extent 
of desaturation of a specific glycerolipid in a particular membrane remain still 
unknown. Many evidences indicate that desaturases are sensitive to several 
environmental cues. In cyanobacteria, algae and plants, temperature seems to regulate 
the extent of desaturation [4-6]. Cyanobacteria respond to a decrease in ambient growth 
temperature by desaturating the fatty acids of membrane lipids [5, 7]. These changes are 
related to temperature-regulated mRNA accumulation and stabilization for fatty-acid 
desaturase genes desA, desB, and desD [5, 7]. Plants also respond to temperature 
changes by modifying the degree of lipid unsaturation [8, 9]. These changes compensate 
for the decrease or increase of membrane fluidity at low or high temperatures, 
respectively [9]. This mechanism is at the basis of the temperature acclimation response 
in plants [4, 6, 10, 11]. The precise molecular mechanism by which this regulation takes 
place remains unclear. In both soybean seed and leaf tissues, linolenic and linoleic acid 
levels gradually increased as temperature decreased [12]. However, the levels of 
transcripts for FAD2-1, FAD2-2, FAD3, and the plastidial -6 desaturase gene (FAD6) 
did not increase at low temperature [12, 13] suggesting a post-transcriptional control. 
The FAD8 gene was identified as a temperature-sensitive 3 desaturase by phenotypic 
analysis of fad7 mutants, in which the reduction of TA level caused by the fad7 
mutation was less pronounced at lower temperatures, implying that FAD8 activity was 
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cold inducible [14]. In Arabidopsis, the FAD8 mRNA was detected at 20 ºC but was not 
detected in plants grown at 30 ºC [15] while in maize, the overall level of FAD8 mRNA 
was elevated upon exposure to low temperature (5ºC), [16]. Recently, it has been shown 
that the regulation of the post-translational stability of FAD8 and the soybean seed-
specific FAD2.1A and FAD2.1B isoforms provides an important regulatory mechanism 
for modifying their activity in response to temperature [17, 18]. 
 However, temperature does not seem to be the only factor affecting plant 
desaturase activity and expression. Several evidences indicate that light may play a 
regulatory role of plant desaturases. However, little is known about these regulatory 
mechanisms. In cyanobacteria, the expression of desA, desB, and desD genes was 
regulated by light through a mechanism that was sensitive to photosynthetic electron 
transport [19]. In the green alga Chlorella, light seemed to control the last step of TAs 
biosynthesis via desaturation of the corresponding DAs [20]. Similar effects on TAs 
accumulation were obtained in light- and dark-grown wheat leaves [21]. In addition, 
several short sequences, homologous to putative cis-acting elements conserved in some 
light-responsive genes were detected in the FAD7 gene promoter sequence in 
Arabidopsis [22]. These observations prompted us to investigate the effect of light on 
the activity and regulation of plant fatty-acid desaturases responsible of TA production, 
FAD3, FAD7 and FAD8, using soybean photoautotrophic cell suspension cultures.
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2. Materials and Methods 
 
2.1. Cell suspension culture conditions and experimental treatments 
Photosynthetic cell suspension cultures from soybean (Glycine max L. cv. Corsoy) SB-P 
line were grown as previously described [11]. Cell suspensions were grown in KN0 
medium without sucrose supplement at 24ºC on a rotatory shaker at 130 rpm in a 5% 
CO2 atmosphere and under continuous light (35 E.m-2.s-1). For darkness experiments, 
cells were grown under the same culture conditions except that the flasks were wrapped 
with aluminium foil. When necessary, Actinomicin D was used as an inhibitor of 
transcription. The inhibitor was added in excess at a final concentration of 25 μg.ml-1. 
Cycloheximide (CHX) was used as an inhibitor of cytoplasm translation and it was 
added in excess at a final concentration of 100 μg.ml-1. Cell growth rates were 
determined by measuring the packed cell volume and chlorophyll content [11]. As 
indicated, some experiments were carried out with leaves of soybean plants grown 
hydroponically in half-Hoagland solution in a growth chamber with 350 μE.m-2.s-1 and 
70% relative humidity at 24ºC. Samples for lipid, gene expression or protein content 
analyses were taken at the indicated time intervals and frozen in liquid nitrogen. 
 
2.2. Lipid analysis 
Total lipids were extracted from cell suspensions with chloroform:methanol (2:1 v/v) as 
described [23]. Quantification of total lipids on a fresh weight basis was carried out 
gravimetrically by the method of Herbes and Allen as previously described [11]. Lipids 
were trans-esterified with potassium hydroxide in methanol. The resultant fatty-acid 
methyl esters were analyzed and quantified using a gas chromatograph (HP model 5890 
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series 2 plus) equipped with a SE2330 column (30 0,25 mm inner diameter, 0,2 m df) 
and a flame ionization detector (FID).  
 
2.3. RNA isolation and cDNA synthesis 
Total RNA was isolated from cultured cells (0,4-0,8 g fresh weight) by phenol 
extraction followed by LiCl precipitation according to standard procedures. cDNAs 
were synthesized from total RNA (4 g) using 200 units of reverse transcriptase (M-
MLV Reverse transcriptase, Promega) and 1 M oligo(dT)12-18 (Invitrogen ) according 
to the manufacturer´s instructions.  
 
2.4. PCR amplification  
Gene specific primers were designed based on the cDNA sequences deposited 
on the databases. The oligonucleotides used were as follows: FAD3 sense primer, 5'-
GACAACTGGCTTCTCTGGCT-3'; FAD3 antisense primer, 5'-
CTCAGTCTCGTTGCGAGTGGA-3'; FAD7 sense primer, 5'-
GAACCTGACCAAATAAATAAACC-3'; FAD7 antisense primer, 5'-
CTGCCACTACCTTGTTTGTGTCC-3'; FAD8 sense primer, 5’- 
AAGAGGGTTAACATGCTGTATTT-3’, FAD8 antisense primer, 5’- 
ATACTTCCTCACCAACCCCATT-3’, ACTIN sense primer, 5'-
ATTGTAGGTCGTCCTCGTC-3'; ACTIN antisense primer, 5'-TTGCATAAA 
GTGAAAGAACAG-3'. The amplification reaction was carried out using Platinum Taq 
DNA polimerase (Invitrogen) according to manufacturer´s instructions. Preliminary 
runs were carried out for each of the target genes to verify that the number of 
amplification cycles was not saturating. All PCR products were cloned into pGEM-T-
easy (Promega) and sequenced to check their identity.  
 7
2.5. Chloroplast and microsomal membrane fractionation 
Chloroplasts from soybean cell suspension cultures were obtained as described earlier 
[11]. Microsomal-enriched membranes were obtained by the method described in [24] 
with several modifications. The leaf tissue (50 g) was homogenised in 200 ml of 
homogenization buffer (0.5 M sucrose, 50 mM HEPES-KOH, pH 7.5, 5 mM ascorbate, 
3.6 mM cysteine, 0.5 mM PMSF, and 0.6% insoluble PVPP) for 2 min in a Polytron 
homogenizer. The homogenate was filtered through two layers of Miracloth paper and 
centrifuged at 10.000 g for 20 min. The supernatant was centrifuged at 250.000 g for 1 
h. The pellet containing the microsomal-enriched membrane fraction was resuspended 
in buffer containing 0.33 M sucrose, 5 mM potassium phosphate, pH 7.8, and 3 mM 
KCl. Protein content of the different fractions was estimated using the Bio-Rad protein 
assay reagent (Bio-Rad). 
 
2.6. Production of the FAD7 antiserum and Western blotting analysis 
Antiserum was obtained from rabbits that were immunized with the synthetic 
oligopeptide VASIEEEQKSVDLTNG, which corresponds to residues 69 to 84 of the 
deduced amino acid sequence of the GmFAD7 protein at Sigma Genosys Custom 
Antibody Service (Sigma-Genosys, UK). This antiserum (200-fold dilution) was used in 
Western analyses for the detection of GmFAD7 protein. Total protein (20 to 47 μg, 
depending of the fractions) was loaded per lane. Western blot procedures were carried 
out essentially as described [11] except that detection was carried out using the 
amplified Alkaline Phosphatase GAR kit (Bio-Rad). Densitometry analysis was 
performed with the Quantity One Software (Bio-Rad). 
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Results and Discussion 
 
Trienoic fatty-acid levels of light- and dark-grown cell cultures  
We analysed the fatty-acid composition of light-grown soybean cells and that of 
cultures that were maintained in darkness under the same culture conditions. As shown 
in Fig. 1A, light-grown cultures showed a constant increase of chlorophyll content of 
about 3-fold. These rates are similar to those reported previously for the same SB-P line 
[25]. On the contrary, the chlorophyll content in cultures maintained in darkness slightly 
decreased with time (Fig 1A). The total amount of lipids on a fresh weight basis was 
determined in light- and dark-grown cultures. The results are shown in Table 1. Lipid to 
fresh weight ratios obtained in our cultures were consistent with those previously 
reported in the light for the same SB-P line [25]. Our data indicate that the lipid to fresh 
weight ratios were very similar in light-or dark-grown cultures, suggesting that very 
little (if any) membrane degradation occurred in our cells even after prolonged darkness 
exposure. This result is in agreement with the chlorophyll data, since membrane 
degradation may result in a sharp decrease in the amount of chlorophyll that was not 
observed in our dark-grown cells (Fig. 1A). In that sense it is interesting to point out 
that our cultured cells showed a great accumulation of starch as observed by I2KI 
staining (data not shown). This accumulated starch may supply carbon and energy to 
sustain life after prolonged darkness exposure. 
 The total fatty-acid composition of our soybean cells or that from leaves has 
been previously described [11, 26]. Polyunsaturated fatty acids represent more than 
75% of total fatty acids being linolenic acid (18:3) the major species detected (around 
55%). Soybean cells grown in the light showed almost no changes in TA composition 
all through the culture cycle (Fig. 1B). However, the levels of 18:3 in cells maintained 
in darkness decreased dramatically from 50% to 15% (a 70% from initial control 
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values) after 21 days of subculture in the dark (Fig. 1B). If darkness exposure was 
prolonged up to 30 days, TA levels decreased even further to a residual 8% (data not 
shown). A similar decrease in TAs in the absence of illumination has been reported in 
the green alga Chlorella and in wheat leaves [20, 21]. The levels of linoleic acid (18:2) 
also decreased but less markedly than the 18:3 did (Fig. 1C). In fact, the decrease of 
18:3 levels observed in darkness was evident well before the 18:2 began to decrease. 
Finally, concomitant to the decrease of polyunsaturated fatty acids, the levels of 18:0 
and 18:1 increased in darkness with respect to control values (data not shown). This is 
not surprising if we have in mind that desaturases act sequentially [3]. 
 
Effect of darkness on the transcription of the desaturase genes 
Since the effect of darkness was more specific on linolenic acid accumulation 
we focused our attention in the analysis of the genes that encode for the endoplasmic 
reticulum and the chloroplast ω3 desaturases, respectively. To correlate the light-
modulation of TAs accumulation with the expression of the ω3 desaturase genes, total 
RNA from light-grown soybean cell cultures or that from cells kept in darkness for 14 
days was extracted and analysed by RT-PCR. Interestingly, the expression profiles of 
the three ω3 desaturase genes showed a very different behaviour. The mRNA of FAD3, 
FAD7 and FAD8 genes was present in light-grown cells (Fig. 2A). However, while 
levels of FAD3 mRNA or FAD8 mRNA were undetectable after 14 days of darkness, 
the levels of FAD7 mRNA were similar to those detected in light-grown cultures (Fig. 
2A). Furthermore, the FAD7 transcript was detected even after longer periods of 
incubation in darkness (Fig. 2A). It is worth mentioning that the decrease in FAD3 and 
FAD8 transcript levels preceded that of total linolenic acid content reduction (Figs. 1B 
and 2A). On the contrary, the FAD7 transcript was present even when the levels of 18:3 
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had already dramatically decreased (Figs. 1B and 2A). These results are consistent with 
those obtained in wheat, where the levels of FAD7 mRNA were almost the same in all 
sections of both light- and dark-grown leaves, while a decrease in 18:3 levels was 
detected in darkness [21].  
We carried out experiments to see whether the expression profile of the ω3 
desaturase genes was reversible upon re-illumination. As shown in Fig. 2C, when dark-
adapted cells for 14 days were re-illuminated for 4 or 8 days, the levels of the FAD3 
mRNA increased to levels similar or even higher with respect to control illuminated 
cells. A similar result was obtained when the FAD8 gene was analyzed (Fig. 2C). As 
expected, levels of the FAD7 transcript in re-illuminated cells were very similar to those 
obtained under light or darkness conditions (Fig. 2C). Interestingly, these changes in the 
expression of FAD3, FAD7 and FAD8 genes as a result of the light up-regulation 
correlated well with the changes in TA levels. As shown in Fig. 2C, levels of 18:3 
decreased to 37% after 14 days in darkness. However, following re-illumination for 4 
days, 18:3 increased to 51% and after 8 days 18:3 levels were very similar (56%) to 
light-grown cultures never exposed to darkness. All these data indicate that the light-
control mechanism that might be involved in the regulation of plant ω3 desaturases is 
very complex, acting at a different level on each desaturase. Thus, light regulates the 
accumulation of the FAD3 and FAD8 mRNA, suggesting the presence of at least, a 
transcriptional control mechanism. The data obtained from re-illuminated cells suggest 
that this light-regulated transcriptional mechanism is very strong. On the contrary, the 
FAD7 mRNA was present in both light and darkness conditions while TAs levels 
decreased in darkness. This suggests the presence of a post-transcriptional control 
mechanism for this plastid ω3 desaturase. 
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Analysis of the post-transcriptional control of the FAD7 gene 
We studied whether this FAD7 mRNA detected in darkness was due to active 
transcription of the FAD7 gene or an increase of FAD7 mRNA stability. To test this 
hypothesis we used actinomycin D as a transcription inhibitor. Addition of 10 to 25 μg 
ml-1 to plant cell cultures has previously been shown to inhibit total RNA transcription 
by more than 95% over a 12-h time course [27]. Actinomycin D (25 μg/ml) was added 
to 14 day-old cell suspensions incubated in the light or in the dark and the FAD7 mRNA 
levels were analysed after 8 hours in the presence of actinomycin D. The results are 
shown in Fig. 3. The level of actin mRNA was high in cells grown in light or in 
darkness in the absence of actinomycin. After 8 h of actinomycin D incubation, the 
levels of actin mRNA were very low (almost absent) whatever light or darkness 
conditions. This result demonstrated that the transcription of total mRNA was almost 
completely inhibited by actinomycin D. The results differed when the FAD7 gene was 
analyzed. Light-grown cultures treated with actinomycin D showed no detectable 
amounts of FAD7 mRNA, indicating that under illumination the FAD7 gene is actively 
transcribed (Fig. 3, right panel). On the contrary, dark-grown cultures showed almost no 
differences between untreated and actinomycin-treated cultures, and high amounts of 
FAD7 mRNA were detected (Fig. 3, left panel). These results suggested that in 
darkness, the stability of FAD7 mRNA strongly increased, indicating the presence of a 
post-transcriptional regulatory mechanism at the level of mRNA stability. Up to now, 
changes in mRNA stability have not been related with desaturase gene expression in 
plants. However, changes in transcript stability in response to temperature have already 
been described for the ω3 desaturase (desB) gene from cyanobacteria [7]. It is not clear 
at present how changes in the light regime could alter the stability of an mRNA. 
However, many light-regulated genes including many nuclear ones encoding for 
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chloroplast proteins like FAD7, show changes in transcript stability as a result of 
changes in the illumination regime [28].  
 
Obtention of a specific GmFAD7 protein antibody 
 Up to now, no detailed studies investigating potential post-transcriptional 
regulation of ω3 or ω6 desaturases have been performed due to the absence of specific 
antibodies and the difficulty in performing enzymatic analyses for membrane bound 
desaturases. Heterologous expression studies in yeast have proven successful for the 
study of post-transcriptional regulation of ER ω3 desaturases [29]. However, these 
studies are not suited for the analysis of plastid desaturases as they require electron 
transport chains from the chloroplast [30]. As a first step to study the post-
transcriptional regulation of FAD7, we raised an antiserum against a synthetic 
oligopeptide corresponding to a specific region of the FAD7 protein. The election of 
this specific oligopeptide was done very carefully since plant desaturases are highly 
homologous [3]. As shown in Fig. 4A, this homology is particularly high (around 70%) 
for the three ω3 desaturases, FAD7 and FAD8 (chloroplastic) and FAD3 (reticular). 
After a careful analysis, a synthetic peptide (VASIEEEQKSVDLTNG), which 
corresponds to residues 69 to 84 of the deduced aminoacid sequence of the GmFAD7 
protein, was chosen (Fig. 4A). This region was specific for FAD7 and presented very 
low homology with the microsomal FAD3 protein and the plastid FAD8 enzyme. 
ChloroP analysis of the FAD7 deducted sequence indicated that the putative transit 
peptide finished at residue 42. Thus, our target peptide was presumably located at the 
N-terminus of the mature FAD7 protein. We tested the reactivity of the antiserum by 
using several subcellular fractions: chloroplasts isolated from photoautotrophic soybean 
cells, chloroplasts isolated from soybean leaves, and intact chloroplasts from leaves 
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purified on percoll gradients. The results are shown in Fig. 4B. The GmFAD7 antiserum 
reacted with a polypeptide of approximately 39 kDa, which corresponds well with the 
predicted molecular weight of the GmFAD7 protein (Fig. 4B, right panel). This reacting 
band was not detected with the pre-immune antiserum (Fig. 4B, left panel), indicating 
that the immune reaction was specific. Our results are consistent with the predicted 
chloroplastic location of FAD7 [31]. To further analyze the specificity of our antiFAD7 
serum, we determined its cross-reaction capacity with the microsomal FAD3 protein. 
No significant reaction was observed using a microsomal-enriched fraction from 
soybean plants, demonstrating that our antiFAD7 did not cross-react with FAD3 (Fig. 
4B). To our knowledge this is the first monospecific antibody obtained against this type 
of plastid desaturases.  
 
Effect of light or darkness in the accumulation of the GmFAD7 protein 
 Using the above-described anti-FAD7, we were able to examine the 
accumulation of the GmFAD7 protein under different illumination regime. To that end, 
chloroplasts from cell suspensions kept in darkness for 14 and 21 days were isolated 
and compared with 14-day light-grown cultures. The results are shown in Fig. 5A. 
Though FAD7 protein levels slightly decreased with the time of incubation in darkness 
(i.e., between 30 %- 50 % after 21 days depending on the experiments), there was still a 
significant amount of FAD7 present after long periods of darkness (Fig. 5A). This 
suggests that the decisive event controlling the light modulation of 18:3 content is not 
related to changes in FAD7 enzyme availability. However, this FAD7 protein seemed to 
be inactive since 18:3 levels were severely reduced in darkness (Fig. 1B).  
We studied whether the FAD7 protein detected in darkness represented the rests 
of the initial pool that were slowly degraded with time or de novo translation from the 
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stable FAD7 transcript. To that end, soybean cell suspensions that were cultured under 
illumination or kept in darkness for 14 or 21 days were treated with 100 g/ml of 
cycloheximide (CHX) for 12 hours and then the accumulation of the FAD7 protein was 
examined. The selected concentration of CHX has been shown to inhibit more than 90% 
of [35S]-Met incorporation in the same soybean cell suspensions [32]. Western blot 
analysis of crude extracts and chloroplast isolated from light- or dark-grown cell 
cultures are shown in Fig. 5B. Cytosolic FeSOD [33] was used as an internal control of 
CHX protein synthesis inhibition. FeSOD was undetectable in the presence of CHX in 
all the experimental conditions (Fig. 5B, lower panel), indicating that inhibition of 
protein synthesis by CHX was almost complete. However, the levels of the FAD7 
protein did not change during the course of CHX treatment whatever light or darkness 
conditions (Fig. 5B, upper panel), suggesting that FAD7 is a very stable protein and that 
its stability does not depend on illumination. This result is consistent with that obtained 
recently in Arabidopsis using an epitope-tagged myc-FAD7 protein to study the 
responsiveness of FAD7 and FAD8 to temperature [17]. These results indicate that the 
stability of FAD7 is in fact an intrinsic characteristic of this protein that seems not to be 
dependent of environmental signals. However, the presence of the FAD7 inactive form 
in the dark suggests the existence of an additional post-translational regulatory 
mechanism that controls the FAD7 activity under different illumination conditions. 
 In conclusion, our data point towards a light-sensitive mechanism that 
differently regulates the plant ω3 desaturases. FAD3 and FAD8 are light controlled at 
least at the transcriptional level, while the FAD7 gene is regulated by light through a 
post-transcriptional mechanism with specific changes in mRNA stability. However, the 
response of the FAD7 enzymatic activity to light depends mainly on post-translational 
mechanisms. According to our data, the major mode of regulation of the FAD3 and 
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FAD8 genes in response to changes in illumination was found to be at the 
transcriptional level. The results obtained in re-illuminated cells strongly support this 
hypothesis. FAD8 seems to act as a cold-inducible ω3 desaturase in Arabidopsis [14]. 
Further experimentation should be needed to confirm this role in soybean and whether 
its activity is relevant in the physiological range of temperatures. However, our data 
indicated that the FAD8 gene was down-regulated in darkness. More difficult is to 
assess the contribution of the FAD3 protein that was already present in the membrane at 
the time of darkness exposure to the TA levels detected in darkness. However, the data 
from re-illuminated cells indicated that it was necessary to produce new FAD3 
transcript in order to recover TAs following re-illumination. With the results presented 
in this paper, we cannot know whether this portion of FAD3 is already stable or changes 
its stability in the dark.  However, FAD3 does not seem to be very stable or change its 
stability at least in response to temperature. In Arabidopsis, less than 30% of the initial 
amount of FAD3 was detected after 3 days at 30 ºC [13]. This behaviour is different to 
that observed for FAD7 in response to temperature [17] or illumination (this work), 
suggesting that FAD7 is intrinsically a very stable protein.   
 
The nature of the activation/inactivation mechanism of FAD7 has yet to be 
elucidated. Several working hypotheses may explain its behaviour. Recently, it has been 
reported that both isoforms of FAD2.1 (the seed specific ω6 desaturase) are 
phosphorylated during seed development [18]. Several light-dependent kinases have 
been identified [34]. Another explanation could be that in the chloroplast in darkness 
the amount of reduced ferredoxin, the natural electron donor to FAD7, dramatically 
decreases. Under such conditions, the FAD7 enzyme would be inactive resulting in no 
net production of TAs. It is tempting to speculate that the same mechanism that 
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activates FAD7 is involved in the control of FAD7 gene expression. Preliminary results 
obtained with the FAD7 gene indicate that TA accumulation is sensitive to 
photosynthetic electron transport inhibitors and that FAD7 transcript stability increased 
when photosynthetic electron transport was inhibited (Collados, Picorel and Alfonso, 
unpublished observations). In that sense, many light-regulated nuclear genes, encoding 
chloroplast proteins like FAD7, present changes in mRNA stability that are controlled 
by signals from the photosynthetic electron flow [28, 35, 36]. 
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Figure legends 
Fig. 1. Effect of illumination and darkness on the relative content of 18:3 and 18:2 fatty 
acids in soybean cell cultures. (A) Chlorophyll content of cells cultured in light (open 
circles) or darkness (closed circles); (B) 18:3 mole per cent in cultures maintained in 
light (open circles) or darkness (closed circles); (C) 18:2 mole per cent in cultures 
maintained in light (open circles) or darkness (closed circles). Data represent means of 
three different experiments.  
 
Fig. 2. RT-PCR expression analysis of FAD3, FAD7 and FAD8 genes. (A) Total RNA 
was isolated from cells immediately after subculture (day 0), or grown for 14 or 21 days 
in light (L14, L21) or in darkness (D14, D21). All PCR reactions were done under non-
saturating conditions. (B) Cells that were maintained in darkness for 14 days were re-
illuminated and the expression of FAD3, FAD7 and FAD8 genes was analyzed after 4 
and 8 days of re-exposure, respectively. ACTIN was used as housekeeping gene in all 
the experiments. The relative content of 18:3 (closed bars) and 18:2 (open bars) fatty 
acids of cells maintained 14 days in light or darkness and after re-illumination for 4 or 8 
days are also shown.  
 
Fig. 3. Analysis of FAD7 mRNA stability. Cells were grown in light or kept in darkness 
for 14 days and then were treated with Actinomicin-D (25 μg.mL-1) for 8 additional 
hours under the same experimental conditions. Then total RNA was isolated from both 
kind of cultures and expression of the FAD7 gene was analyzed by RT-PCR. A subset 
of cultures with no addition of actinomicin-D was used as control conditions for both 
light and darkness treatments. Actin was used as a control of the actinomicin-D 
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inhibitory reaction on cell transcription. 18S-RNA was used as housekeeping control 
gene.  
 
Fig. 4. (A) Sequence alignment of GmFAD3, GmFAD7 and GmFAD8 proteins. Black 
boxes indicate residues that are strictly identical and grey boxes indicate conservative 
changes between each desaturase. The accession numbers of the sequences were: 
L22964 for GmFAD3, L22965 for GmFAD7 and TC204934 for FAD8 (TIGR EST 
database). The location of the synthetic peptide used to raise the FAD7 antibody is 
shown as an open box between residues 70 to 86 of the mature FAD7 protein. (B) 
Immunological detection of the FAD7 protein using the anti-FAD7 antibody. Several 
fractions corresponding to chloroplasts isolated from soybean cell cultures (lane 1), 
chloroplasts isolated from soybean leaves (lane 2), intact chloroplasts isolated from 
soybean leaves by percoll gradient fractionation (lane 3), or microsomal-enriched 
fractions obtained form soybean leaves (lane 4) were analyzed. 47 g of total protein 
were loaded in lanes 1, 2, and 4 and 20 g in lane 3. The left panel shows the results 
obtained with the preimmune serum and the right panel shows the results obtained with 
the anti-FAD7 antiserum. The molecular weight markers are shown on the left. 
 
Fig. 5. Accumulation of FAD7 under different light regime. (A) Western blotting using 
the FAD7 antibody on chloroplasts isolated from cells incubated for 14 days in the light 
or 14 and 21 days in darkness. An LHCII (Light Harvesting Complex II) antibody was 
used to assess protein loading and transfer processes. Densitometric analysis of the 
GmFAD7 protein levels is also shown (upper pannel). Each bar represents the mean ± 
SD (n=3). (B) Western blotting using FAD7 and cytosolic FeSOD antibodies on 
chloroplasts isolated from cell cultures treated as in (A) and with the addition of 100 
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g.mL-1 cycloheximide during 8 h. After incubation in light or darkness for the 
indicated periods, chloroplasts were isolated and total chloroplast proteins were blotted 
using the anti-FAD7 antibody. Cytosolic FeSOD was used to monitor protein synthesis 
inhibition by CHX.  
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GmFAD7  238 TRMLRFTAPF PLLAFPVYLF SRSPGKTGSH FDPSSDLFVP NERKDVITST ACWAAMLGLL  297
GmFAD3  167 TRLIRFTVPF PLFVYPIYLF SRSPGKEGSH FNPYSNLFPP SERKGIAIST LCWATMFSLL  226
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